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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device that is low in electric power consumption and 
simple in manufacture, a semiconductor micro-actuator, 
semiconductor micro-valve and semiconductor micro- 
relay that use the above device, and a manufacturing 
method of semiconductor devices and a manufacturing 
method of semiconductor micro- actuators. 
SOLUTION: Flexible regions 2 are each connected at 
one end to a semiconductor board 3 as a frame via a 
heat insulating region 7, and at the other to a movable 
element 5. Each heat insulating region 7 consists of a 
heat insulating material of such a resin as a polyimide 
and a fluorine-contained resin. Each flexible region 2 is 
constituted of a thin portion 2S and a thin film 2M 
differing in the coefficient of thermal expansion. When a 
diffused resistor 6 formed on the obverse side of each 
thin portion 2S is heated up, the differential thermal 
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[003 7 1 S/C, »*31 1 5©«W«, ft*^9^6 
[ 0 0 3 8 ] gfc, 1 6<D»»W\ m?m 1 513 

»©«M(c*jot. i»Enj»««ra^ y =■ o«t)& 

[0039IS/C »*S 1 7 <D»»tt. 1 51B 

[0040] *fc. t(i*ffl 1 8 mmm 1 5 ib 

< 4 ^> 1 o<D«««iri^lB»««4Pl--»f4cc J: 0 W 
[004 1] i|^39( 1 9 »«3fi 1 8 IBtKcDIS 

[0 042] $/c. B«52 0O»«l3:. M*a 1 8IB 
f4cc J: 0 ffif&Z txX ^ SM«4 Lr 7 ? *fb«BICc ^ 0 
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nan 1 8 £H*<w»»ctoJiT, imimoMBtxit*c 

[ 0 0 4 3 ] *fc, nno%2 1 M«3I9»6 
«* W*ttEttte£fc J: 0 flteS S *i S c i * W« i b T 

[0 044]$^ »*3I2 2 0»98tt, »*^9^& 10 
««i ityfBpI&jx > h coffljtc, ttETOMBtt^ffrfi 
W6ftTV»&C £««<!: l/C**9. nj»««iW»x 

[0 04 5] »3»I2 3©«W», fjt#Jff2 2id 

[0 04 7] i»««2 5©«9itt. »«3I9*6 30 
11*312 4<0(r»rn^KEI»D|6WCC*jC^r, «ffEoI» 

WE«MM*«*^Srcc»flE3nr^*C <!:**£»£ 

orfcD, iiEE«©tlMBTO«l**t<'rsci35«r 

[0048 ]^/c, M$32 6<D?HIIR, K!3#I9*»6 
x U ji > h CCttQStfl&a 3 <VC t > £ C <h tLX 

[0 04 9] t/c, »^2 7CD«WW. »3WI9^6 

««i«rEDj«ix u> > h (Dajgss»*/t«9irEoi»« 

[0 0 5 0] £fc, »*3B2 8(D»9B», »#3I2 7E 



#§§2 0 0 0-3 09 00 0 

14 

0. ^EA^«BJE^tii«©SfflSWffitcirE¥2»**S 

[005 1 ] *fc. 19*352 9 CDIWitt. W3J8E2 7 CC 
IBt&<D¥*Sft-? oar^^x-^ <D$y&fr&icto^ 
X, ^«TO«|RBJ:0iy^>yLIHaiS*BWr 
*<OJSH»*S»E?I»m«tL/r»flE^. MiBIHjaJcDmf 
EKTO&nSO^(c«BJ|«»aux 9 ^>^«c 
J: 0 MIB*8&Ja£!&£ R J£K£ T & c <b TmjIBA^ 

k fsmmmm& btctz k jbEon§R©Ka»£ «m& 

[0 05 2 ] »««3 0C0«Mtt, »*3S9*56 

*T> »*J19^6»3R«2 90««iHac«S** : & 
[0 05 3 1 ^/c, »#JB3 1 ©«W«, IS**! 3 0 IB 

[0 0 5 4] »*53 2©»Wtt, 8Mc3B3 0E 
i8<O^CC*5^r, iTE*3t*v^^Dr^^*x-dr 

[0055] ttc mmmz 3<o^m^ imm3 oe 
tmzw.fcxi>j*> b twz*<-ymzftLxm'&2ti 

Xi,>Z>CLZmWLtLXtot)> ¥m&~?<<vvy>?** 
x^ * mftx- \s* > h ^rg^-T 5 <b ^CDM^(D»§i 

[ 0 0 5 6 ] fS*3B3 4 «3»S3 3E 

[0057] tit. nmisbo&m*. smmwh 

x^^i, «rEDj»xi/jrf>hccnj»»^#sia:w6n, 
*©»js*affiBfc«rE^m#,t«Ji*^ttttBS»^ 



(9) 

15 

#529 <D»w tnwoaii**:*-*- zmft ooy 

ttDWH fcc > X . If EBS«,«£ra«r E nJtt&j£ <t S&i 

-r c £ -cfTiB nj«j« «a* ^> l x m> tcmm? h mm u 

(iSS#JI3 BEftofSWcfc^r, ffB^mHAA^ine 
[0 06 0 ] £/c> S*S3 8 0^d «*ffl3 5^ 

6«*3I3 7©c^n*>ccE«s©siWK:fcc»r, striae 

e>«*S3 7<D^m^Ccl3tS©«WtC*j^r, 

61**13 7<DC>m^^EiE0^wccfe^r, irts^ 
2*#w*pr***x-*£fjEH5£xi/>> ms* 
^~vm*ftLxm&zftx\,*z>z tznmt bx& 

[0063] ttc % tmmA 1 omtit, m^mA oib 

[0064]$/c, IS*3S4 2 fMSB 1 8 K 

x, ^ftSfio— ^<D®*x^^>^*L/r^0jg 40 

ro*am?m«M««a-r« 1 o«mwia oxmrn? 

tm««EMtfitR«« i & «^CcB«^*WE«MUt 
««€r^r*iPI»(C^EJ»«i»«|4*«rE^*» 
ffi©»TEf6*©ffi«:JfeffiUT«fE^I»««*«RSr* 1 
o©««*0«t4IS*flt S C i t»fti UttJ 50 



#$200 0-3 09 00 0 
16 

[ 0 0 6 5 ] *fc. »«S4 3 (o&mz. »j»a 1 6 CC 
tBi£cD*2Sft-? ^ar^^x 

%bxmttm*uj*>b<Dwuz&i$ l ?zxm±. m 

tt< AfcWE*^»«i«rE^»«WDW«:R^6ti 
ytSiE«»»i»««A^S»»4»fi!»"*XgA. bJE¥ 

Ntttl4«:ffrEMIBiMR«A **«S»«:Ja«)i4*fflfiaiM6 

nw***ja«- €>xsi **tr £ c t mm & u r & 

[0066] tt$a%AAo%mt* 1 7 &c 

x, mm<*m&<D-y3<DW*±v*>#m3kbx*<D& 
fflw*«E^»««t«iffi'r& 1 o©««t Lt:«a* 

^>A|5)B#CC, B9iB*3f»Sffi©flfe^©ffi4X7^>^ 

w+zmum&mmm t & ^8»(ca8U&»«rEMifii» 
««* »S5T £ xfi <b , 8?fB¥#tts«© m mmom 
icmmmmmo- * ^mc^ 0 mj&ztizmmt ox 
x y ^ji/wja^^-r *xsa ^^-r ^ci *»»a l 

[0067]*/c tt«394 5 (W&Wtt. 1 IBIS 

ffi*i^^>m*i/r. ^a<^t«rE***»fi<fc 
MiB fflMMDVticwLtt h titcmmmmm&t t*z>m 

^ > m% b x m&mimffl£z&f$ l ? ^> istwr 4 

[0 06 8] $/c, IS*^4 6CD^«. lS*^5IBtg 



(10) 

17 

a»K*»i&fcx«<fc . ^mw**«<o«6*©B*x y ^ 

[0 06 9 ] CCDJMJtt, -f i F*fc«7 ? JRftttJ 

m) <mm*&aK#*c&tfivSZL\<*lfflkVcmm 
[0070) 

1*RWT*. Hl«*awc«sb^*alKtS8B*ffl^ 

mmm. mz u> «KffiEL H2 (b) tt±iHT 

[0 07 1 ] BR*l/fcJ:5K:. ^v^PT^a 

$n€>wegftM-«©4o©WM»2Si, ±h**h»* 
«« 2 *msE-r £ r s - «j asm$ fc» - * * iwix 

[0 07 2] ±E¥SW*S«3 , ?WHft2 S , fccfc^BJ 30 

«*jnxur»ttsn*. *fc> »S82s<dsi(c« 
to) aWMtstirfco, coat^ise 

3mHKRW6ftfc«B>*9 F4£S»3ftfclBi84 

SlS2MiCj:f5«^$n^pJ^6Il|S2^ttll»*r^ 0 

fcJ:*)»flESJh, *fc»««2Stt5/«;3>a: < SfK:J:5 

[0 07 3 ] 4£*ft£«3 i^»««2 *a«r*-&«Mft 
*««7tt, »«»2Si«SI5Ii;ff$'r*>3, 7»*ft 

fc, ^MES1S3(D4M6cR^6h^Ui^9 F4fcHB 
2(b) fc;tett*#±<Z)fiIS^* K4<h£TO««^y 

F4^»«Bcc«ttsn. *«ec»o-r2o<ot£tt« 

[0 0 7 4] *fc % ±Sa4o(DBj»ffl«2^**CDpI«| 



#§32 00 0-3 09 00 0 
18 

y > F 5 »*<0JSIH*iaSR©nI»««2 CC J: OXSfS ft 

So 

[0 07 5 ] iBHW^oor^^i-^nt 
Hmt&tK 6 6 ft £ 1 Mfi±#? L TOMM 2 

jMkWtSti. tJJ»«*2*flte!E-r*W«l2Mt«rt»2 

S«3$C#LTT:frfiKg(i-f ^UT, pTfflffi*«2 
K«R$ftfcnJttxuy>F5ra, pJ»««2<?)«U£* 

[0 0 7 6] .LaOfcJcSK. |«»7^P7^a 
X- * 1 4 O©nJ8l««3&ScfJ*0oI»!|X uy > F 5 
tJ*^+9Wtti«Cot*0. pJlfcxpy>F5£>g 
att¥»#»K3K:»Lr^»SW«:Xffii*9, 

fc> ±a^fc<fc^6C^»««2»^(DSffiCCnja««2 

*W*rSfcab©SE*JiaR6^R^6nr^*©r, T 

ttfe%?I»««2CCffi|SffiJS6*J**nT^Sfc«) 1 ¥ 
##^4*07***x-*l*/J>gg{fcT**. 

»x-*ik, 3m««2ior»tt««i»SR»»*# 
r&2r3©««r*&WM«2Si»R2M«cJ:»)flltt 

2#~ * 4r;u* * >fc £<D*Rfitt£&«: J: 0«r£3 
ft, «K*ft«cj:0*l«tt^^64:*pISI««2 4 

wsffi 3 (om^cmmmmm i &mi 6 ft r c > s c & v . 

[00 7 9] CCT*»?8©*3|*70Pr^f*X 

«7 tc*sws^»»sfi3 &^aa«2®aufe&iqi(0ft 

3^30/2m, Jf3^20Mmib, ^CD^^W^i U 

r#y-f5 F (^ D a u« r7*F^*j 4 jaT#u-f ? 

CC^0/cpJ»««2 0±EJBS^ia]©S3 ^8 0 0w 
8) ^6 0 0|im£n, 

[0 0 8 0] ?IlMW2»6IIHftMW«7 ^M0T*« 
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®rMA 1 0 U 

a i o = <#u a % torn*) x (ujmmmom = 2 

0 umx 6 0 0 /im= 1 . 2xio- 4 cm 

g/c, ^'HU'©iEi$m. 17X10 
- 3 (W/cm°C) Xtb*). ?mfrh$m8. T&fc>*>pJ 

1 5 O^M$n/cojm^2 75^^zift^3^ 
tf£$*fiQ3«: 10 
Q3 = l. 17X1 cr 3 (W/cm * °C) x (1 50°C 

/ (30x 1 0- 4 cm) ) x 1. 2X10^ (cra ? ) 
= 4. 2 x 1 0" 3 (W) =4.2 (mW) 
t K JcMZUcX*) lt¥-M&$m 8 4 r>0aJMm® 
2£*fOTU£fci£> v ±#tLX 1 6. 8mWCD^S<b 
cfltt, S£K«|S6CCA*«*1 6. 8mW£& 

A*r * c t (c ct: 9 2 omk* 1 5 o xwmx 

^^Ci^lt^sl &3fcW<D6 6 OmWOCit^T, 

i /4 o tcffiKr * £ 0 
[0 0 8 1 ] # y 5 FrtMsn^MBlMM 20 

>h^«^n-en^4 (b) (c) cc^-r<k5cc«c&. 

M»KIMtt7tt. S4 (a) iC*sl>T«, M*8®B£*SI 

2 2 a, 2 2b £§£2 1 <Dffl<D^-rtlft— #fctt§M" 
£ 0 ^CC, W*«WfiW#l g, ^2 1 CD**frCj)at) 

(v^^a^*Jl/^CD^tC^U7 ^X5 0 0 jli 
mCC4 6. 7 kPaOE^^^-o/ttB^CCtBS-rS) 30 
«CteWSfg2 HCM^A^^ 0 
[0 08 2] JR6C^S^K*F 1 teF 1 = W/2 = 
1. 0X10- 3 (kgf)/2 = 0, 5x 1 0" J (kg 
f) = 4. 9X1 0- 3 (N) ifcfl, mtC&frZ>g&:'& 
A/Kffc^Fma xlt 

Fmax-Fl/Sl (SI \moViWH) 

CCC, ^2 KDtflb 1 =6 0 0 urn, SS2 1 
£>/P#h 1 =2 Owmit^iWS 1 « 
Sl=(bl) (h 1 ) = 60 0 X 1 0" 4 X20X1 0 
" 4 = 1.2X1 O-^cm 2 40 
ctor, ^2 I^M>^I^»r^Fma 

Fmax=0. SOxiO' 3 (kgf)/l. 2x10 
~ 4 (cm 2 ) =4. 16 (kgf/cm 1 ) =4. 16x 
0.09 8 (MPa) =0.4 1 (MPa) 

ifckfcjjoma. xte, am a x = Mma x/Z 1 "C 

0, Z 1 ttKffifiRR-C&a. fc^^>hMmaxtt 
S4 (c) CC^Ut^**^ Mmax=WL/8 (Ltt 50 



^2 00 0-3 09 00 0. 
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^<Og£ 8 00 Mm) r*«3. J:^, &**-y>h 
Mmaxii, Mmax=WL/8= 1. Ox l 0" 3 (k 
gf) X8 00X 1 0" 4 (cm)/8=l. Oxio~ J 
(k g f • cm) = 9. 8 x l o- 5 (N • cm) tft 
So ttc, KfflffftZ 1» 

Zl=(bl) (h 1 ) l /6= 1/6X600X 1 0 
" 4 x (2 0 x l O" 4 ) 2 = 4. 0X1 0- 8 (cm 3 ) 

amax = Mmax/Z= 1. OxiO" 5 (kgf «c 
m) /4. 0X10 " 8 (cm 3 ) = 250 (kg f/c 
m 2 ) =24. 5 (MPa) 

00/im, S$8 0 0/zmiltWco 
[00831* y-<5 KCDBttSSSttSOMPagST 

&£/c&, ±&bitmmw&i v i gga©ffi»c» 
^oc»g%±tfi)Ci^pjfi6r*)S 0 $/c. c crisis 

[ 0 0 8 4 ] C C-C, 7 ©»«^ffi«%H 5 

tm^xumr*. ^5 (a) k^t^m^s 

ftg&l 7(Z)a®0^*^M^(C^-r^^^rKOH 

Mb (b) K^jVfcfc^ #iM 3 K»«l 6£3-£ 

*. B5 (c) te;^TJ:5fc*»f*©:7* MJv 
Xgfc£fcJ:0»l 5£Stf>^< U/cS^0#'J*f * H 

4 0 0 - cgffi«:JrtSor*';^5 
h*««^tt«3IBS8*Bfb8*6. ««C, 195 
(d) CCTjVTJ: 5 1 7(DSliJ;DKOH3a 

[0 0 8 5] «±©<fc^(C, «HfiJ»«ia7«. ^'J^; 
0. 4W/ (m • V) WT, r»fk^-<*<DjR8 0 

m) ©»»€r«»^f#*Ci^r**it^ttK«r^* 
<*UfflL/T. pjm^2i^ 1 *»K3CD^^RX$n 

6<dx, ffi*Wfctt^r»^a»^«n^o«K*fc 

€> 0 *&. ±ISU/cJ:^K:««fe»SliS7^pJ^iS2<D 
s^2Si^^i5jDJf?tc-r^>cir 4 #«fts«3 

[0 08 6 1 CO<fc^ft»**«iLyfc^(tS«8*ffl 



(12) 000-3 09 000 

21 22 

[0 0 8 73 ±K^»*KS8 ©fl6<D»««|Jgrtt ©J»tft»B«7 «^±2U/ci3 Kfctt SflKtHklH 
( b ) fCTirr <fc ¥«MHR3 ±l*J»ffl«2 i©H [008 9] ffitettffi«7 , 1 2 CD»«te6t*f4© 

ffl) «:m«rKifc^-r*WR 9. 8X1 io [0 09 0] 

««:*. ffd, H6 (a) «K93H. H6 (b) tt±B n a ~ * E . A{ 

m-eb*), mume <b> cdy-y* wt^s. 

[0 0 8 8] l37«:^b/cJ:5«:^l*W^ffi^ tm [0 09 1 ] ffi&Si 2«rfiteKT*r»ffc^^*ccoc^ 
m<D/¥£r&£ 0 -eUT. ^6 (a) tCfjktiStCtm [0 09 2 ] 

•^>^E S ; 7.3xt0 10 (N/m 2 ) 
0r®8A s ; 1 XIO^xGOOxlO * 6 (m 2 ) 
E s • A s =7.3X10 10 (N/m 2 ) xi X10" 6 X600X10 * 6 (m 2 } 

E s JndAs «E S J 1 *" (60oxio' 6 dn) 

«7.3X6X10 6 X Ctj^] 1 ^ 
0 

=21.9x10" 6 N-m 

3 1 »«»tm7 t»jafrs#u 4 s k * [ 0 0 9 4 ] 

fc^Xtt%$tito&£'&<D£5tcit& m * [S3] 

f>^E f ; 5.0X10 8 (N/m? 

»r@«Af ; 19X10 * e x600xl0 * 8 (m 2 ) 

E f ' A f =5 - 0x1 ° 8 (N/m 9 X19X10~ 6 X6QOX10 <m 2 ) 

=5.70N 

20^m 

E f 5 7?dA f =E f S n (600xl0' 6 di?) 

=5.0X6X10 4 X [nV2] 20am 
1 vitn 

«59.8XlO' e N-m 

[0095] ccv, ±mmzm^xtptm%vomffi 1 0 0 9 6 ] 

na«r*«>&i^©J:^K:«c*. [S4] 



(13) 



23 



n a = 



2000-309000 
24 



Z E $ i? d A; 



(21.9+59.8) X10' 
(42.8+5.7) 



= 1.68X10" 6 (m) «1.68 u m 

[0 09 7 ] ~mt*<<^ 5 K<D*3z# * [0 09 9 ] CCt, r? i = r? - r/ a , T&*>% r? i « 

6CH-rS2^->>H,. I f **«>^iycOJ:^tc *S£«^6©IEl!t«:^Lri^. H4t»Wt/fcJ:^«: 



&4. 

[0098] 

j s «J d Af =$ r)j (600Xl0* Q di), ) 
0.68 ia ro 

=600X10 6 X [itV3] n - ' 

0.68 » in 

«8.B6XlO" 2 m 4 



18.32ttm 

I f = J 77 f dA, =M 17, (600Xl0 6 dn f ) 
-0.68 



=600X10' B X [tjV3] 



18.32 ftm 
•0.88 fim 



«1.22XlO" 18 m 4 



x ^max * 



10 Mmax=l. 00X10* J (kgf • cm) = 9. 8 
x ] . 00X1 0" 5 x 10"' ( N • m) = 9. 8X10 
" 7 (N - m) 

tte& 0 -BMk^-f*©»*ttCflS*asmax*lt* 

[0 100] 
[SB] 



20 



0.98X10 *x7.3x10 t0 x1. 68x10 g 
7.3X10 10 X8.86X10' 22 +5X10 *X1.22X10~ 1 



=l.78xl0 8 (kg/m 2 ) = i78 (MPa) 



[0 10 1] CCX\ I,»±Eft2^*-^>H,. 



* [0102] 
[5*7] 



0.98X10 " 6 X5.0X10 8 X18. 32X10 6 
7.3 X10 10 X8. 86X1 0' 22 +5X10 8 X 1.22x1 0" 



= 1.33Xl0 7 (kg/m 2 ) = 13.3 (MP a) 



[0103] <tr>r, !J<»;^5 KteJ:(3tfo£SftfcjR*ft 
»««7 Cta^JfoftttlS 3r^UcWCtb^ 1/2 

[0 10 4] CCDJ:5CC, @6-C^U/c^»»^7 0D 



( a ) tern? <fc 5 fc¥3WN6« 1 7 a (01 
iStcStj£-r*»»S:KOHSci'CCj:?)x^^>yu. ?S 

15aem fWl H8 (b) fc7R-fJ:5te;j» 
K*b&£0C£O¥2§tt«fil 7 a.<D%mt<crMit>rJm 

[0105] JWC, m 8 ( c ) OCjjVr J: 5 tc, # 'J 5 
50 KfflEJKl 6 a*3-£&£te«fc9@IEJ£flJU ?»1 5 a 
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£S&Jfl< UcSPfrCDtf 'MS KSPJgl 6a^0, * 

»jfc§1*Bffc§-t*S. »tc. H8 (e) OCtS** 5 . 

7 afc«BJ:9KOHft£«:J:0x»*> 

y*ffir\ «aftii«*7w»flssti*. cot*. 19 

[0106] 3c«c, *«W©*i|[*W««:*j^SS6«c 
ffe(D^fiXW4lftB^-r^ 0 H9 (b) ©iffiElfc^Sti* 
ifeO, ^*S«3ipTKW2CD(fflCCj»«3g«iSl 

mm i o iSM-saww. 3 t*immm <o 

{OTi^otl^, H9 (b) £>B-B* 
2 , 3 , 1 0 0 /c$/&£ a 

1 Ma 



*20 



(14) 4$BB 2000-309000 

26 

* [0107] comjummi oo&mzftmztab 

K. J«*W<tUT^9 (a) <b) Kfi^J^KlRISfc 
««1 0OJI3£2 0 Mm, B-B' Ufatmtfifa® 
m*30 umttZ. SfcBl O&TKt <fc5£> ±I2BJ 
S««2i¥»»S«3^635:6&B7JcDB-B' 
©S*18 0/im, 0<DB-B' #ft€>iS 

tfc. NMW<H«10Otm««i; 
•i ^ KiU £aKtS«3> W*MW2#i/ J: 

[0 10 8]B10©<fc5&*>'J:3><!;#';-f 5 K*>6 

[0 109] 
K8] 



Mm, 



^ (-«) 



Ep* Ip 



[0110] 



* * [SI9] 



Mma 



Is 



+ 1 



Mmax 



Esf Is 



Ph 



+ 1 



[o 1 1 1 ] cct\ ^»J^ fwcb-t so ssttsttn-r-s. s/y3>of>m s , = o. 19 



(15) ^2000-309000 
27 28 
x l 0 li (N/ra J ) =1. 9X10 11 (dyne/c * [0 1 1 2 J 
m , )r*9. * CS10] 

E a *=1.9Xf0 12 (dyne/cm 2 ) X1. 019X10 ^1 .93x10 8 kgf/cm 2 

1 a 1 . 3 

I S1 = -[2~bh ^~72~ X180X 3X10' 4 (cm) X (20x10' 4 cm) 3 

=3.6x10" 1 cm 4 



[0 1 1 3} J:^ Esi • 1 5i= 1. 9 3 X 1 06 *ar&9> 

(kgf/cm l )x3. 6xl0' n (cm4) =6. 10 [0114] 
94X10' 5 (kgf 'cm 1 ) =6. 8X10" 4 N- [Sll] 
cm l T*S. #'H5F©+>y$E Fh tt5 0 0MP * 

Bpn*SOX.10 6 (Pa) xi.019 x 10 s «5.1 0 X10 3 kgf/cm 2 

1 3 ? 

r pn = — bh = ~1T~ X30X.2X10 * (cm) x (20x10- 4 cm) 3 

[0115] cfc^r. E Ph • I Ph = 5 . 10X10 ★[0116] CCV, #V A S K®Crt>a>£*->> h 

3 (kg f /cm 1 ) X4X l O" 11 (cm 4 ) = 2. 04 20 M Ph «;fc<DJ;^Cft& 0 

X10-»(kgf'cni l )=2. 00X10"' (N- [0117] 

cm l )t^ ( ★ [5U2] 

1.0X1 0 5 (kgf ■ cm) " 

Mri= li : =2.93X10 .(kgf -cm) 

6.94X10 

— ' r- + 1 

2.04X10 8 

[0 118] CC*e, M Ph = 2. 93X10- 9 (kg f W#tf>J:$iCft&, 

•cm)=2. 8 7 x 1 0- B (N • cm) [0120] 

[0119] HaKOri/ya^aBK^&^-^V h# [5S1 3] 

1.0X10' 5 (kgf- cm) R 

m — - =9.99X10 ' 8 (kgf -cm) 

2.04X10 

— 1 

6,94X10 

[0 12 1] CCt, M 5i = 9. 99X1 0" 6 (kg f ♦ Fh tt*<0<fc^iC&^ B 
•cm)=9. 79X10° (N • cm) V$>& 0 [0123] 
[0122]^Ct, XVJSb'm&frfrZMckfcXo* CaSl4] 

2a-4~ bh 2 -2.oxi0" 9 (cm 3 ) 

a Ph ^ Mp. _ 2.93 X1Q' 9 (kgf -cm) 
2 3 3.8X10 ' 9 (cm 3 ) 

M>.77 (kgf/cm 2 ) =7.54X10 2 (MPa) 
[0 12 4] CCt, Za^M^rfc*. *fc, J/ Z b =— bh 2 =3 6X10 * a (cm 3 ) 

[0125] a s , Ms. ^ 9.99X10 ' 6 (kgf .cm) 

[Si 5 ] Z b 3.6X10 8 (cm 3 ) 



50 



«277 (kcjf/cm?) =27 ( MPa) 
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[0 12 6] CCT\ ib\mmmL^bz>o 
[0 127] iot, ^J^ Fr^^dnydRtfiMdH 
i*0C**Sl£*«ia3r^U/cWICCtl:^Tttl/3 0 0 
<hft£. CfittJifrttJL $®a*3 0 0fgicfto/ce<f: 

n a fetor tttt < % /|>ft < £ 2 *a±©ffl33tt©«ijB 

&. B 1 1 {W38Sfi»«CC*5^ Onr^f 10 
ai-fOWBt**). HI 2 (a)»KHH. SI 
2(b) tt±ffiB47SU-CC»* 0 

* 1 aCCfcC^r, H 1 , B2K^lim«£Sft*j& 

\*s xmmBmvizviMm.m tajm* u ^ > h 5 orb 

KfffcfcttttttfW«7 A*t»*. a]»««2 4 *JSjx u 
> h 5 tt»*6i&^ J$ 7 A ic A 0 ifig 5 ft r C > S *V h 

[0129] co^mc mmm&i h*w)zzt 

[013011/c ^HSf*SS3 i pJ»««2<0IHJC» 
W£hfciUWjH*7<fc, i^««2£W»xl^>h 
5(0IHCCtt^6n^JIM6»««7 A©0«14£#tft£<fc 5 

•Wtf. M«M*7®Mtt**<U HM6IMM7A 
[0 1 3 1 ] *»W *JM««2 

5 i ommmti&mc *immm 2 0 it £ s 

[0 13 2] Tft£>%, Ml 2 (b) {C^fct^CC, » 
fti ft 3 ©SfflKip* <fc 0 o 

NKc¥9ftSE 3 W«RHr©»tts>SR»tt4 ft& J: 
MC&&2 5 a#^$2ftT^£<£r&& 0 C£>ft#2 

$£ft& 0 

[0 1 33] *fc, 012 (a) Kij^Mc, pj»« 
«2 SAtoST £«W»2 S »¥#*S«3 ©H*TBflPJ 

n 4 Eia2 7(DJ£ffiaJ2 7 a<kWJffiffl2 7 bOftlSLCCR 

<b ft £ £ 5 oc&& 2 8 $ nr l> 2><0V$>Z> 0 
C COCUSP 2 7 «¥W*Sfi©S«H«fc Oi?f> <fc 50 
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9SWe>ft, «ittfc©ia»2 7 0±B»lf«:«SJB* 

»j3cbx 9 ^> cfc mmzmiit s c ac<fc9 . 

[0 134] C©<fc5fc, %h2 5 a, 2 8«BfiETS 

^»««2^KttL/c<fc#<0JC^* l *2 5 
a, 2 8«cj:ga*SftT«fDStl. ¥%ttS«3tftt 

fc> ^»««2*^*-S^CCHWfcGa»2 7<OJSffi 
SP2 7aiWlffi8iJ2 7b^^coCirt|BjS, ft<2& 
*» WC * * 4 WHMM 2 ©it* #-e<o# (c 0 r * 

a»taw3*wh*?i«8tt^**. 

[0135] CCt, HI 1. HI 2tC7nbfccfc:^^, 

or^^*x-^tc*jW-5f6<DfllJSW€:Hl 3te?nU 

[0 1 3 6] H^bfcJ:^tc, *3W*8«3a<fcnI»« 
«2a4«SM6i»««7a4^L.rjiiBurte»), pJ« 
$1^2 a t pj»x > h 5 a «flHfitl«tt7 b U 
TJWSl/ri**. $/c, PjM«W2a«Sl^J»JKSRffi 

952 s<D^BtC«J£|S[Sfii6a^g:We)tiTl^ 0 $ 

fc. ffiUfifse atc«*^e»&-r€)^«>©E«i 3 a 

lfilft««7 a(DT®^iloT«|gm6 aCCg^^nr 
t^-S. S/c. 9 a, 9 bte&mmm^foZo 
[0137] C0¥m&vJ2VT??*X~$<D{'Zf& 
tfffi*H14*fflt>TWWT*. 

8 0 om® icfmitmic J:9'>y3 >^t^ 8 0 a 

^6n/c^';^>^ftjg8 0 a<Dx^>^|f^Ci 
icJ:»JB8P8|J8 0b*^L, 77X77 y ^>y^{c 

80b4*M^»;^A*«a KOH^^i 
»M0 ?IC«t:9x^>mci^t ^^8 0 c^r 
JfJ^f^ (HI 4 (a) ) . C^4^, K0H7K^g© 

[0138] ^CtC, ±IB^ U n >»<k«8 0 a 

tSA V U n >Sffi 8 0 CDH® t: - * <b ft ^>fitf($S$x 6 
a«&3W*. tt^-C. C<D*ea^U=i>»R8 0(0 
Hffi±cc»»{fc9«:j:0 ->y^>BffcBl8 1 b«r»SE 
S^y^>K<tB8 1 b(O±^CcifSECVDJC<j:0 
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f*)^>mitm 1 aWt^ (014(b)). 
[0 13 9] % bXs mJzfcVtK.^*-~>?Ztltc7 

* h l^X h£v*££t,T v ^Un>^b^8 1bS 

vi>i>xYmik?z> (m\A (c) ) , 

2«rKOH*»»»«:J:f3xy ^>yr-5Cir?Ittx 
©pJMjxUpO h5 &<Dm$, KtfS«802 sCDJf££ 10 

y 3 >S«8 0©x »W«7a, 
7b£^T£fc#£>$8 3 a, 8 3b£j^/£T&„ C 
©» 8 3 a . 8 3 b « v # K«©W«tt 

<0»*iftS<fc9«:x9^>y36ff5 (014 
(d) ) o 

[0 14 1] Wt^X, -5JK)XUy>h5a, «^£i$2 s 
14(e)). 

[0 142] »«Jii/U3>«fi8 0(0±HCC 

L/C. J£ttfflaS6aCCfiltt3nSia»13a (7JU3E 
tt) t»atT6 (815(a)). 
[0143] ±E»8 3a, 8 3 b (C#y -f * F 
«CD«Wk8 5«aabi&^ (015(b)). ccdJ:^ 
fcLTW»»8 5<OTfflffiCCffij»l 3 a«3n/c« 

^/cCCt, #y ^ 5 K*<E>#«* 8 5 tt¥ 30 

[0 14 4] ^t/t&fc. »?E#tt©^^ 
**fc£?»W2 s±«©i/«;3>fflUl8 1 a (H 
1 3©»WW9a) ±K««Lr«B2iniL (01 
5(c)), »W»2 siS62mt$iS?Ocir 

* 9 * x - $ (Dwmmxh h * a * % >\>fflk t % & . 

[0145] M^2 sOgffi&hR i estcx 
*^>^l/T, »«»2 sSr*tSS^y3>SlS8 0CD 
^322^5 (013 VOmmftSfo 3 a ) pJ»x U> > 40 
h5a<h#Hi£tf£ (HI 5 (d) ) . CftfcJ:^ a] 
Sfrxuy>h5a, oJ»W«2a. *SW*»«3att& 

[oi46] ic^r, §1 s^rflbsw-ctt. mm 

1 3 a tfMttK«ffiig7 fKDTfflmttCmibtlX^ZDK 
01 dt f CTjk?£5t,C&m (TJU5E1K) 13b;WtMfi* 
««7a<0±ffiiTffl©«*IW, ■r*to%»«M«««7 

a ©nswcRtf £ J: 5 b r 4> J: t 

[0147] CtfUMtE^l 3 b 0 50 
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14(e) It^t&mmS 4©«fiEES(Oa, 0 1 4 
(d) CDXBr®S§ftfci»8 3a«:. 01 5 (b) «C 

svr # y 5 K9<Dwa« 8 5 ztm&tsxmit & o ss 

**»*r#y^5 K*««W4*, 015 (a) (Cmt 

iB»cwBJ5Eia«Ti\ WS01 5(b) cc»-ra«>a 

J: 0® 8 3 a <fc ^C-frfttfJrK 

[0 l 48] C<D<fcMcEJ!IU 3b^li&Ii)i7a(D 

[o 1 4 9 ] *fe, ±tBE«iMa^*5c^, HBUfitm 
Bmm<D±wticm*>tiz> (mi 2 (a) > jtski/c 

Etft*«fflMRJA mURtHM. 4£*ttiNKPIf 
7 a©rtffl**c*ttTffiaJK:Rw^ns»^«:Jt^rE 

{ 0 1 5 0 ] C<D£ 5 JCj»*ft»««©±ffi«:BBI8«:»a 
•fSteii, 014 (e) CC7S-T«8BBl8 4©*flGXS© 
a, 014 <d) <0X«r^3oSftfci*8 3 aK> 01 

5(b) fcsw * y -f $ p«o«VHk8 5 imto&tsx 

fiCC J: 0 # y << 3 F*®M&», ^<Df&0 15 < a ) 

[oi5i] (mmmm ) »3<dhsb»»*k 

B^T^> 0 0 1 7(«3li©B«(c*jW^^»#-7^^Dr 

^^*x-*<o«fi*^-r«tiBir*»3, 0i8«-e<D 

idjtt, JOt»«2r^l^tS6CC«»4«j»r*E 

»4 zimi&umi <o±wzm^xmmm tcmm 
ztix^zwcttbx* *9mm»c&¥mtmm ± 

pjft««2©»ft«2 SCC^^gl5a (1*I9>*A0W© 
35(4) CC^tt««f5tf4^e>4^PrtaJ2 9%^fiiEO, 
CCDBMSS2 9©±SP4ilorEa4 a«2nt^ 
1-ttt>%, **fBB«trtt. ESUatfMt 

[o i 5 2] coflKttt. «iL«**ttxy^>yccj: 
oT*sw*fflg©±ffi (u»««2©jBSt§nri^ 

lit/di ^a32 9©±®ccr;u^x^ACDX^ < ^ 
* y > y ft i'tc J: 9 Ei« 4 a S <b c ^ ^STM 

[0 l 5 3] C(DE«4aWTJl/3X«>A4i*0*StC 

to^r. «}Bg^^4^^i»^70»^010j»ffiSi 
Cfl!)E«4aM»lft»««7K:»« 
3nrCi-5i, E»4a©^*ffi»JM9l»"C*r, IS 

*iurtt^««7©»iwtt^fi6n4^6c^ 
Ni#»i. *WWg«rtt, «n»»««7*^sr(c 
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o r m&mm® i omm^m^im £ n z> . 

[0 1 54] CCDJc^CC, 2|s|afiJi5«(C*5W5*«»-7 
[0155] (*ftjg!84 ) ^CC, $40SiM5ft 

-3©»nSW 2 S rtreittx U ^ > h 5 *SW/TB|+^« 

*x-*3Ht oj«««3 2(04o©»«a3 
«L9»tttLr*J0, &HW8B3 2 S<D-«#*JHrx 

mem* *) % &aimmm 2 &*p&<Dimx u> > h 3 

, oJ»«« 3 2 O&SI^SB 3 2 S *ioJttx U A > h 20 
3 5 LrH*rtIK:WIBWCRtt6tiri^. 8 

£*C, S»W»3 2S©flb*«, Hft»R©»»-C** 

[0 1 5 6 3 *^ oJ»««3 2 ra±§B»«SI53 2, St 
T )V 5 x 9 x v $r jHc 6 ft & 3 2 M i t? m 

«>3IJia5«l<fcBI«t?**. c<0«»l^3 6tt^Mt 
g& 3 3 <D 4 MfiCRtt 6tl/di^' 7 K 3 4 *$ «fc O'SS^ 30 
3 4a*^0-Ci1«*>6«A3&s«|ftStiS. fcfc. 
ftg«3 3 , nmiNi3 2 . (KbMUt««3 7 «C<fc 0** 

[0157] ±t2**f*W*P7***x-*3 1 

»)nI«B«3 2)W»HI!lSn. »W8B3 2S<!:»ia3 2M 
<^KS«K<fcO^*««3 2^T»iaj«:Ktt'r* (HE 
R3 2M#SW»3 2 S<fcf3j»K5S»«^^*^iS 

. ^»««3 2**-r»fiifca:ffir*cir, pftusi 

«3 2(C*«3tlft:?I»xUy> h3 5**1>HMM3 2 40 
OH^*r*itTiKI|t(*«R3 3*c»l/TT*rt«:Ktt 

[0158] #W»e»rB, ±$L/tcfc 5 &*JJH 
««3 2«**CDnJ»xU>> h 3 5 «JM/Ct>fo»>* 
fH^JBttr*6fctf>, nJttxb^>h3 5©affi«^» 
(«l«3 3«:#LT*Wffia>ia(S*^ , C^S. * 
fc. T5»M*3 2ttL^»tt?**fc«>> ^ft^>0fl>r 

BMMK«3 2<ORtt*«^:*<<C*<D"C. oJ»xuy>h 

3 5©sttt***<-r*ci*«r**. ccr, ^Sft 50 
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«B3 8ttaff«bfcEI3. i6, H9fc5*Ufct*r*lfl!> 

[0159] (USS^ISB ) m5<DHSS0SS%gtt 
^T&„ © 2 1 tt*SIJBB«8©*a»« v ^ar^a 

x-»<D«ji*str«tiia, H2 2«*©±HErc* 

*iaS««<D¥ai*v^^or^^aX-^3 1 a 
tt, ±^LfcpJ»«^3 2^pI«)XU^>h3 5^^ 

Sfrx > h 3 5 4 aJ8t1S$3 2 fcjStSf «IRKmR« 
3 7 a***ti6©IB«CBB*6nrC»*«>©r**. 
[0 16 0] C©J:$fc, HMtMmi3 7a«R^&C 
tV. Wj»««3 2i^»xu^>h3 5©IB©(IMftll 
ttMKO. ffi!J^3 6J:0»^S«l*Sa»xU-rf 
>h3 5K*f*©tl»<Ci3&»r»4. J:ot, HtK 
«»4 tctfc^r ?i»««3 2 ®»tt*ft*n<cf?i>Mft 

[oieiisfc. pjmmm 2 

3W*»«3 3©iU8»», X»^f«HH«3 2i?I»xu 
* > h 3 5 &QjH&aMKB«Nc >>J8MM!3 2 J«ttl,fc 

hi 1, m\2<ow&fmt^mx^h. mx\t. 

m2 2 (a) fc5Vr<fc5ec. ¥*(*»«3 3©S2SSI5 
<fc^rt^^tM-&^fflSB3 9CDS3SgP^CCR^tt 
<DA^3 9 a**»Jjt3tin»&. 
[0162] (H»JB«6 ) *»W©*6 CD^Ife 

^««rt»Wr ^>o ^23 ii*IHl«i»v -Y ^ P 

wM<Dftwtummvmm 3 ^t**«4 3 & 
0 « 0 sis tx^mwmm 3 (d-jzij: 0 mmmmm 1 
zftbx-mmztimmmviommm 2 s 

2 SOffiM«c±H©iBI3Bm^itKSn*?I»xuy 
y Y 4 5 <b , ±i^W8S4 2 S 0±ffi«CRW htx, Ufa 
M 4 2 S £ t i> «c W ji 6RiS 4 2 * ft «f * T ; U ^ x ^7 a 
H«*fe«-»^»«ttir©H»l4 2M«cJ:0««3 

[0163] ±E¥«(wfi4 3 , nmm 2 s , a jt 

0'nJS!)xu^>h4 5«, ma^y3>I«3tci'©* 

^®tC«»n^S-C^^^Wi£^JgC : i4 6 («T, ffi 
WKS4Bil»9) C(Dfi;^}gjK4 

6«^»f*ss4 3±tcR^e>nw-»«WK:gas6snyt 

K4 4iS»SnfelB«4 4afrCj:5***«« 

*&snr»«^jj*Lnj»««4 2*ftm-rs. «®4 
2 M U /c J: ^ cc r;l/ a x ^ a $ /ctix v >r M± E 
Ccj:0fllfiR3ti, $/cHW«B4 2S»^y=«>ft^CcJ: 
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[oi64] *mwmm 3 trmw&4 2 *a»Br & 

ftj2E¥*tt^On7**:*x--*4 ltt. pJttflMt 
4 2 4 3 K-SBrat»3 ft*Jt»**fl« 

»S!n4 6 Cc*^3&sttJit6n^<bjaK±»l/nI»««4 
2#»lR&S*v Al8l«*4 2*«flE'r4SMl4 2MiW 

£ e Wit«WH4 2Mil/rr;U5i«JA, 

««4 2»H*T*rt^atf6*a*. *i/r, "5j»««i 
4 2CC»RStlfc?nBlj:uy>h4 5«. pj»««4 2 
*2»ftSS4 3K:*fOTT^«:^ 
&T£ 0 20 

C 0 1 6 6 ] 3HHt»«r«, oTSMM4 2 *jt*S6iB 
HtJfiiL-Cl^jft*, «I»««4 2©aftK**#<i 
ti, ^^©^»««4 2CC«ffi3&s**<«cS. ^CD/c 
66, flJlfcxuy>M5©affi#*#<fc9 % A* ft* 
#f#6ft*. CCr. ^»f*««4 8«l|jSJB«irM 

[0167] ( j6«»«7 ) 5«C, *74>XM0g**tt 
Hi i 2 4 l^i©*i^7 ^ ^ P 7 ^ ? a 30 

h4 575^<Difflfc»w6nfc?j< r ;>r 5 fx«7 

CO 16 8] C<D£ 3 Ktf fcfcRMftlMKtt4 7 a £Ktf 
&C<hr, oj^^4 2<boJSUxu>>h4 5©ra<DS» 
IMMfePff $ 0 % ttft&ffi 4 6 <fc 0 «Sr pJ»X 
Uy>h4 5(caCf*<0*|»«C<t3&«"C*, IBSBI5«6 

tetter J: 9 ?fflft«M4 2 <oftiii*«&*WK:m^»* 40 

[0169] (n»^«8 ) **bjo»8 omm 

jmiWHTZ. §25 «*^*8JB«<o¥3W*v * p 
JBB«CC*st>rWfc*.«7 <b»* wl«««4 2 

<o»*»4 iMts rmmwwu 1 1 aw-wttr* & 

IR) fC<fc9»«3ftrt»*j£r*S. C*UCJ;^ RMS 
ftO, RailSBWf&ci^Si. so 
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[0 170] *fc, C(B¥«MJ^*07***x~2 
4 1 b(DaJffljxuy > h4 5CCtt, ±B*>6>!B0ii*«: 

■*^riH»4 5H**»«snr*>o, «n»xuy>Mc 

^D7^^ax-^4 1 cCr>nJKjxU^> h 4 5 a) It 
fcb^T\ ?Iftxuy>h4 50«!lS«3W/h8<ft4fc 
15J8MMS4 2 ©BBLh^ftaccff x 6 C t Kft 
Sfc. HaSP4 5H^«T^>CirpJffi)XUy>h 

[0171] (JCMDmo ) «A99(D3Gtt»]Bg 
tKW-T*. H2 7tt««B»«:*iW**l»<*v-f^ 

xuy>f^r<fe£&M5 0£, *$>±«wc«w&& % * 
as £fc £K £ 0 8£ 3 ft t 1 r * * * x - * SB <b cc 

1. H2"CmU^«««2^flIttxU^>h5*^ 

r+^tR*iyrc^*3»#^^ ^or^^^x-^i 1 

[0172] £J^5 0f*e®Sffi±<D¥*f*W*P7 

mm, «0cfc0W<3lfflL±E*si8¥ffiK©e»5 2 

[0 17 3] COA^tcfllRESn^^ftv^^ci^ 
^5 5^ IMftffiES6«:***s«l&3nT?I»««2*i 

tiu, nj»««2 5caaa3n/cpittxu^>h5^ffi 

T£o C(DoJ»xU^>h5(Dafi[tCjt«9^©T®§Pi 
•Sffi5 2©HW^kL, Mil?L5 1 tjftti 

[0174] *mfe0SSC[>^2»f*^^ ^P^';l/^C*sl> 
***a«3iBl«l««2 6<3!>IB«:^';^5 Kft 
i:cDfiSJg^ 6 & 4 RMfitKffiiiK 7 jWRW htiX 1^4 Zeis?) , 
fl»«W 2 £jJDi»f &IRORMS44MUHR 3 *© 

\mnji z w a 4 c i # pjffi i & 4 c 

[ 0 1 7 5 ] *fe, 4^©Bj»««2*s**©nJ»xU 

v-<^D^;b^ff en4 0 
[0176] CCr, H2 7CC*5Ct4*a»*^-r 
Jl/^(Dr^^*x-^aU%Hl K il2tmU/c$« 
j*v^P7^faX-^ l a-effif&L,tcm*m2 8tC 
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[0 1 7 7] *fc. W»««2ipJttxuy>h5<DBB 

[ o i 7 8 1 *fc, lammta t^mft&mom® 
mc *im®®2 imsi uc t % K.mt> sit* tnrr & 

2TgftWlyfcfc©£H»-C*£. 10 
[0 17 9] <*6te, SI5 0i*»(*7On7^ 
;*x~-£ 1 aCMfflte^-lflBS 3jW&0JSJvCI>£C 

(4 0 0-cr»«j8£3*i*) fc&, »ar«w*<&3& 

*x-# 1 a<Dlfl»««2K|i#**fcafr, *J»«l«2 
[0180] *<«fi6«©*2f*"7-f ?cm;l,:/<o 

nmtm2 7®m£tmmx&z®xz®WM*i£m*r 

[oi8i] gfcccr, mz 7ccfcc^§^ftv>r^ 
o^;u^<Dr^^»x-»a54igi 7r^ofc¥3W*-? 

-f*a7***x-* l br*»flEOfc«£EI2 9K:7S 

*r 0 *«W0f^7^^D^';^(t nr«««2€: 30 

««E7 ^3-rOCff^3tirC^^02 8 SCmLtcffi 
[0182] ftfc, £ 

m / tm2 7<Dm£tmm<Dtc&> zcomwz^m 
[0183] (mmi&mio) we. xmiom \o® 40 

ilt, 119, ®2 0"C^L/cpJffl««3 2 3&SBJ»x 
[0 184] effi5 6»^©affi±©*»ft^-<^Pr 50 
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5 8WBStSnTC^. CCr. PlI|jxL/^>h3 5« 
[0 18 5] C©J:^W:«R!ESnfc*«(*^-f^o^l/ 

AiM3ft*£sn9i3 2 s i?gK3 2M<D®&mmc£ 

OSffiU pJ^^3 2tC^$n/cpJKjxU^>h3 
c©nj»xiy^>h3 5(08(4K:J:0* 

5 7 ^n^Sfti«ffl^^. 
[0186] ^n^JU^Cfc^ 
^3lfl««3 3iRia««3 2i(DHK:^y^5 
K £ Otitis** 6 * -6 ftlffitRffitf 3 7 h tl X C > & 
fc», aJ^M«3 2^ai»T-5^«l^»»Sffi3 3 

[o 1 8 7 ] ttc xmmmmomtW'rj *v>w? 

W«««3 2?WL^JBttr*-Sife«)^(J!>fi3**fi< 
^tfcO, *Wc*W««ia3 2©K{4^*<J0:-5 
©r, *JIfcxu^>I> 3 5<&X&4X*<T*C£#r 

[0 188] CCr, H3O0Ctett*7**:*x-*a$ 
4B2 1, (12 2VnkLtc¥mW'?'{ tVTZr^x.- 
#3 1 ar«WEUfc«*ia3 1 *4U0M<0¥« 
ftvOo^V^tt, pI^fltS3 2iPl»xuy>h3 
5«Ci«#W3 7 a»f6tir^^ m3 0 
XmLtc¥mW~?J 9 OAjU^CCtt^rnJ«««3 2 J; 

[0 1 8 9 ] *fc. iTOKHtt3 2 £¥«ftg«3 3cD3S 
*S»ft. X«^Itt««3 2 inflixb^> h 3 5 ct<D$ 

^mft&m^mmm 3 2 u/c t $ cc^t> ^ts^ 
21, H2 2riftMi//tfe(D<tra«rA^. 

[0190] (»1 1 ) ^tC, 1 1 <0 

m^6 7, 6 8*«»W6n/cH3ExU^>hr*>-5H 

^3n/t7^^^x^^fflicc«fct5«jssnr*j9, 

CCDr^^^x-^^fi, i2 3t^l/c*i#7^^ 
[0191] ¥i)*70P7^faX^^4 1 CDpJU 
*5 0 , HSfr 6 5 ±©HSJS^a 6 7,6 8 KnJttftS 6 
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Rtt6*iTl>4. 

[01921C cr, S£ttffi!a4 6tC«»^StnBI»« 
«4 2*«»lJKkSti*<b, WW»U2S4»R4 2M©» 

5*HefiM-s. C(Daffi«c£g.qJI&xuy> h4 5 COT 
ffittmi P>titcultt)m&6 6 4H508£6 7 . 6 

or y 

[0193] 4s36ftagJ»6D*a«*^-Y ^P'il/-07^ 10 
flSSftTfeS, JW«lB6rKW0fc<fc5«:pI»«i(|4 

2 i¥2ii*sffi4 3 oMKtHtt*3»«< . rmmtxo^ 

^P7^faX-^4 1 «*zg<$S1&4 3*ffl5@B4 

[0194] (H*6»« 1 2 ) m 1 2 ©»B 
«:SiWrS. 193 3&^MBmK:toVZ¥m#vJ i> 

^.x-^4 1 brt»/&Ucfc<Dr*&o 
[0195] Tfttoft. *WS»»<D¥»#^-f y 
Bjj8lffl«4 2©»Bl4 7Mt, pj»««4 2t 
*»f*S«4 3 *St£rSMMMfltt4 7 y 

[0 19 6] *fc, H 3 3 GCfiVr ¥3M*v-f ^q>Jl/- 
tt, p»xi/j*>h4 5«Cia»4 5H*«Rtf6hT*J 
0, Da«3&J»W6tirt^^fc© (03 7#JH) tChb-< 
r, ISSSWWSC nffll«i«4 2CE>jRBE±»3a*ftacc 30 

or, ^»*6<o«»«c»orRiWt04c^tt, 02 
srRwofcao'C**. 

[0197] *CC, $»1^^^^-70P 

i(*l«4 3 (03 4 (a)M) tJ/»;3>MMft 
4*£v**4orKOHft4KJ:0Tffi;fr6X'y 
^SOr, ft77"4 0e^n (03 4 (b)# 

r, y 3 >ifir * &*i#l«4 3 « p a n§^© 
[0198] -f *>aA*3fcttW ! »a;llJ[ttdf«c 

(03 4 (c) #1$) . CCr, WS»pS, ng>0D 
[ 0 1 9 9 ] 3 6CC 4 ?mfcW$LA 3 ©WffiCCi' y zx > 
«K4 3O±B^6KOH0:^CCj;0i9^>y|»*0 
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r (a*tti^>^) t pj®)xu^>h4 5co±gpcc 
Bfl«4 5H*«ttU*a9Bttir5iBI»CC, *«<*S 
*4 3©TB^6KOHft«CJ:9x?*>y (S*tt 

«tflWE-r&«rt«4 2S<5:t/r»ffi-r* (03 4 
(d) #K) o 

[0200 ]*^ **»«R4 3©±BSJ:05/y3> 

»tRft£*v**«:oT> x**>$ra*i/tlKcfli 

»»««4 7. 47a4tt*«#K:fl.»4 7B. 47C 
«r*flE-r* (03 5 (a) #JR) . C<D£*Xv*>& 
S*l*»Stt, «tffi««I«4 7. 4 7a<OiS#(t#j£-r 

[o 20 j ] *cr*©xar«, *^#y>^ft4 

r, !OMS8i4 6(C«A«ftlft i r«Elt4 8A4W»» 
/&3n& (S3 5 (b) ftflR) . 
[ 0 2 0 2 ) JWC, # y -/ S F ft ^©«M6l»*lt4«r** 
*S«4 3©±ffltC=i-hO, ?LSP4 7B, 4 7C£iI 

^cDa«>aa^»»4»«»4 2s± 

^©^SW^^©IS^iBt**4^x ^ft £fc X 
m£LX, MMHR4K4 7, 4 7a4»R4 7M£# 
y-f5 KftiT©H-l*»«cJ:0»flJf S (035 (c) 
*JR). ^Lr, »1W4 7, 4 7a0TBW*x 
si^>y»*U (03 5 (d) . pJSSxu^vh 
4 5 <DTffi»ttc£=i b ft 4*>6ft afSifrr S oJIbffi 
,£6 6£^**ft4*C<fc9ff2j£-f£ (03 5 (e)# 

[0 2 0 3 ] C(0<fc^CCftlX3tiyt¥»««« 
4 3 4. y ^ *ft 4CC J: 0 &3 h ft ^©I^M 6 
7 ifi&WL £ n/cH^it 6 5 4Wffi«£fc 4$C <fc 9 Jg£ O 

(B3 6 (a)), *»CCRI Eft4*Cj;9aJS)xuy 
> h 4 5&CfpJHtfWt4 2 *#<*4ft£¥«<*Sffi4 3 

36(b)). ffcfr^ «70P7^aX- 
^4 1 b^«iS3ti-5C4icft5. 
[0 2 04 ] CO* SiC, pJ»K«42G>SJ84 7M4 

INWW4 7 i*H-*mtnwciiwtr8feft h 

Sx^fflmtcftO^x h^isi«r^^ 0 
[0205] ccr, ^mjtm<D¥$i#v*{>?uo u 

-«:*J^-5wr»««4 2©»W»4 2 S4g)S4 7M*> 

e>ft^ir^^^^v^^;P©»ja^H3 8(c^"r„ 0^ 

b/ccfc^CC, 1 0Mm/SO^y3>3^6ft&l8WSS4 2 
SCD±gU0C, «R4 7M£LT2 0tfm«©#y-f 5 F 

M4 2©W^X«1 000 jum xi 000 Mm 4 

[0 2 0 6] 
[Si 6] 
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W E sT E p* 



3 < V" * j£ V P fc6* + < ( ^ E a + tp h 



w = 2 # s i n (- 



2p 



2p 



[rad] Jgft 









p : 


mm 


w ; 


Eph > 




4.90X10 9 N/m 2 


e« : 




1.9OX10 n N/m 2 


« P h ; 




2.30X10"VK 


a SI • 




4.15X10*VK 


tph ; 






t« : 







[0 20 7 ] CCtATMg^t^ltt^o 
[0 2 0 8 ] ±ES*C**W«C«ffl*»AOtl«U)fclS 
**H3 9fOftT. H3 9fc5VTJ:5K:, nJSlfMK 2 

Oft 0 <{ * p y - ©pittas 6 6 i B5£« 

#,6 7. 68O»Sl4 r *y^J:0«>**<tt*i, «» 20 

[0 2 0 9 ] CtT\ ftSft9^2 0amr*0, 

[0210] *«#70o'j u-«jm*3ei»»ra 

AW*. *©5tfiB»©afilLXatt, Xa= (Fa • la 
3 )/(3Ea - la) vmZtiZ* F a««©3tSSBB 30 
K.m*.hti2>*>* ta«S©ff#, ra»l^ E 

oB2^-y>h*^ur*sti, *0Kl^s»F/0» 

I a = ba • t aVl 2 (ba«*©3tfT* 
«) "CH£ft6/ta6, «©i^Xaii, X a = 4 • F 
a-raV(ba-ta J -Ea) <b&&, C<D^^3 
m<D9cUmcM*.*>tltcJ]F ate, Fa=(Xa«ba 
• t a 3 « Ea) / (4 • ra 3 ) -CH3n& 0 CCt, 
7*2 0 m ni i t <5 iME f a It fa = 
((Xa-20am) • ba • t a 3 • Ea) / (4 • 40 
ra 3 ) £«c£. jBS8K)»*Xa», Xa = 65wm 
®£JEf a&f a = 0. 87gf = 8. 5 
xiO- J Ni^0, C3ttf 1 gf (9. 8xiO" J N)CC 

[021 1 ] ( mm&m 1 3 > ^a^©^ 1 3 <o 

yu-©7**:*x~ £815*12 2 3t«l/c$»»7^ 
i'ar^f ltWl/c^OT^l ^3 3 50 



ASK* £ (,>(*x ^ fr/WMte J: 9 »fiS 

[0 2 12] *!8»JB!B<D¥a«*^>f ^ny u-tc*j^ 
Tfc v pJ»xu^> I r4 5(CCaSS4 5H*«?gRS3nr*J 
f9, H4 8Jc^^»#v^^pi;u-0j:^(cnDa5*J 
jgjflEsnrt^ftt^ccJt^r. i*j»««4 2©iBa± 

[02 1315WC. i4 1t^Uc«tt70P'Jl/ 

-©Wi^s***. ^i««W4 2*flteJt-rs« 
M4 2M*r;i'5^^A»ilr<ij«i/&»^K:oi,>r© 

[0214] y a >«E&£©¥«KHHE4 3 

(S4 2 (a) #JH) ^'>y3>Ifti^i^^i 

t^'4 0«i^ (H4 2 (b) #JH) o t©* + 

43 (t/y=i>«R) ttpS, n»©£fc6Tt>«fc<. 

[0215] &«c % ^^>^*Wi^»tt»J r "j:i*cc 

0 J£tfcfflK4 6 *r¥»ttSft 4 3 © iffifcJ&ST* 
(^4 2 (c) #M) o CCt, «»pS, n^(D 

[0216] 3 *j»#8«4 3 ©WffiK V »; > 

S^4 3 ©±fflrt>6 K OHtt£«C <fc *3 x ^ ^>^i U 

r (Jf#14x**>$0 , pj»xuy>h4 5©±gqtc 

«4 3©Tffi^e>KOH&<!fCC<fc f 0xy^>^ (S^tt 

«^»SET 6*Wa54 2Si LX&f&?Z> (H4 2 
(d) #M) . 

[0217] :XCC, ij£2Sft«^4 3©±BS«fc0vy J> 



(23) 
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I6IW4 7, 4 7a£fc£8P#{t?LSP4 7B. 4 7C 
(^43 (a) MS) o C©i*x^>^ 
Sn&gRStt, f&ffi«S«S$47. 4 7 a(DJI#£*tl£T 

[02 18] -ei/"C^0>Xg*C«. ^4 3 (b) &t^T 

ffi»«^4 6«C«**fit*&r-5ia»4 9AW« 
<**i&o ei/r, F«c4*©«tt6»tt»*¥SW* 10 

Bfi4 3CD£®CC:3- hU ¥»*S«4 3<DJ:ffifcS: 
W%tifc?L»4 7B. 4 «&i^fc*«#6l 

H«4 7, 4 7 a%Mt^) (04 3 ( c ) MB) . 
[0219] *(D», I»ffi3»^4 7,47 aOTBB 

iM»*4 7,47a ZBf&VZ (H4 3 ( d ) MR) . 
*Ur^C5C v pJUjxU^V h4 5(DTBflKc&3^b 
ft 4 ^ 6 & S oJtt«^i 6 6 £y ? *fc £ Cc J: 0 
6 a 20 
[0 2 2 0 ] #CC, CCDj;MC^X3ftM^f*S&4 

3 £ y * * £CC J: 0 £:a h ft £ 0OB£&,«£ 6 7 # 
^S4ifcTCK-6 5*IWH»a:df«:J:0»*l/ (H 

4 4 (a) #180. *fttCR I Efc£KJ:9nJgbxl^ 
> h 4 5 acfnJ»Stt4 2 4#(*4tt&*»#S«4 3 

nscfctcaa (^44 (b) #jeo . 
[0 2 2 1 ] &&c, ^4 iT*ofc**ttW £uy u 

-<9i»K4 2 M£x * ^r;ur*fiSb^:»^«>»Ji^ffi* 30 
SMBf*. 845 (a)-(e) (DXmVmZti&J:! 
&C, *»(tSfi4 3©Tffi6c*+^y4 0«:^R8r-6X 
¥«#gffi4 3 0±ffiCCffifMfflK4 6 fc^fiTTSX 
pJ»xP>>h4 5CD±^|MJgfJ4 5H^M-r-5 

ib. ?mm4 2tDms4 2 swRawsxa. « 

«CJWWWJ«ift*»»r**?L»4 7B l 4 7C*Jg* 
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*m-ZT.m&. S4 2(a)-(dK^4 3(a)T 

sum 0 tcxmt mmv $> 6 tctbtv&wz&mz. 

[0 2 2 2 ] *©&©Xgrtt. m4 6 ( a ) K^T J: 

flEU^-^^nSCit?, !£t«fifiv4 6(C«**« 
teT*e«4 9Afc£a^Jfc3ft*. S4 6 

(b) &t^ir<fc50t, tf'J4 5 K&£©J»»8Wf4fc¥ 
3H*S«4 3©£ffiOC:3-FU *«#K«4 3<&±E 
KRW6ttfc?l»4 7B. 4 7C£J1#>, SaM£A,ft:«$ 

[0223] ffi*Bittffi«i4 7,4 7 aOTfflfJ 

lrx^>^JL (d4 6 (c) #M> , 8MW4 2 
S<D±iBK:?WR4 2 Mi UT^ y £&C«fc 0 x „ ^r;l/ 
»H^JBRSO (S4 6 (d) #J«) , pj«jxu^>h4 

5©TBBfli«:^3'^ hftdr^^as^iasijae 6£^ 

**tt£CC<fc9«J«TS (04 6 (e)MR). 
[0 2 2 4] ^UT*tC, C©cfc5fcft]X3ttfc^tt 

£b (^4 7 (a) MR) , SfttCR I Efc£GCj;0"5J 
h4 5ao f p«««4 2*Wtia:S*»» 
»R4 3fr6«J9(ltU **l*v^^pyi/-^«JtS 
(^47 (b) MR) . T«r*>%. ^i»ftv^n 
T£?-:*x-£4 1 ajMR«3*i£. 
[0 2 2 5 ] CCt H4 lrmO/c^ftv^^DA 
;l/^fc*jW^Dj»««4 2CMf«8f4 2 S <bffjR4 2 M 
^6ftc^l*t>^^^-f ^^JU©»J3E J &ia4 9«:^T, 0 
tfU/cJ:^(c, l 5 iim/»©i/yn>^6ft*Wna54 

lOOOMmXlOOO limits 
[0 226] C<069s W«MR«4 2<3«ffl (AO) tt 

[0227] 
[SI 7] 
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[0 22 8 ] CCX. ATtt»a&ft*7j*UTC>*. 

[0 2 2 9 ] ±&&tcM#wj:&mzm\u$tnbfcm 
mzm 5 o ks*. m 5 o &c*-r <fc 5 nj»««4 2 

flW*«M*W £ p y U-©nItt»^6 6 4B5E1&56 
7,68 * ^<fc 9 < ft <£ 4 > nJ«W8,£ 

6 6 4@£&*6 7. 6 8^»ttO';i/-W>n. 
[0 2 3 0] CCr, -7ifi2 0 vmVto*). 

Rf»««4 2 * 2 0 0 'C4 LtL®&<DM*%3*m?Z>o 
B5 OteTftTJcSiC, 2 0 0'C«C*JW-Soia««4 2<0 10 

±jSGfc<fc5«:. jfo£Ef a«f a= ((Xe-20m 
m) •ba-ta J -Ea)/(4-ra 3 )ti^ 
fcab, Jg&E f a 4 f a = 0 . 82gf = 8. 

OXIO-'Ni&l «C3flgf (9. 8X10- 3 N) 

[0 2 3 1 ] -7?, WH4 2M<5:Ur-^^;uatH[%ffl 

fr2^tc#>. aas{fccc»f^Bra«W4 2cr>x{4 (ft 

[0 23 2] H5 lfctt, S/';a>«:*0*fl6Sti*» 

Aflu 2 s<o«Sft»ts-efc»^©«Bl4 2M^r;b 

^W^»ffl«4 2©Sfl[«Fl4^Lri^ 0 7*3- 

R«2 0o-cr««orc^. HiOWe^ai^KHi 

0«Fe«irfe^ ff«*#2 0jzm«±iftSi, 30 
«g4 2 y?)Wffil&$tlX\,>%m&ftC*imm® 

354 2 SCD/f £sW£Ot§£«»Ig4 2 Mi L;t^^;l/ 

[0 2 3 3 ] CCr, ^HJISJgSKcfcW^^ft^-f ^ 
VV U-<Dl&<DffilgLfflZm 5 2 K*R-f 0 H5 2<D*ai* 
7^piJ U-CCfcl^r04 HC7jsL/c4><D4(Da^ 

-*4 1 a -r s F^fe&s^-tfJie 3^/r 
ors^ (mfifMCfl^) 3ftTi>S£r*g. USE 40 

Jt6 5i*ift'7O07^^ a x-^4 1 a<7)MSfl 
[0234] 

roc kc* e> nmrt e^zg{$ss t m^mmm^m^r * 
mnm<ommmm t&hmf&znxte*), mm<om 
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BimmwiMSgut $ * & 1 1 ©«w)acf *iw <* fc*> t 

[023 5 ]^/c, »JjW2<D«Wtt, WjJUI 1 Ett© 

**mgO. 4W/ (m • -C) eiTOWtttW-Tifcdb, 
^Ta^iUi 4 ¥a»«S«0D»»»14^ J: < ft * . 
[ 0 2 3 6 ] £fc, «3|^ 3 ©»Wtt. »*S2S2U(D 

< 4*44 tic m&im&tftz. 

[0237] tit, tmm^commt, wjre2e«<d 

[0 2 3 8] $tc. »3jtq|5©»W», W*9| 1 *»6W 

3R3S4<D^rn^ocfetgco^(c*$i>r, tME&ttisfli 

[0239] »^i6(D*w«, mmmsnmo 
mwtiCte^x, mzw®m<D*>#&&* 9. sxio 

^*±tf£c4#r$£ e 
[0 24 0 ] H*a7©*W«, l»*S6 cciae 

[024 1 ] ttc. massoftmvi, n#&ito*>n 

[ 0 2 4 2 ] »^S9(D«W«, IS*^ 1 ^^>lf 

*«8©^-rn^ccgat8©*«<*sss!4, aria^ia«« 

m&W$ttt L tc 4 % cc, mflBoIKjx u y > h ^MIS^« 

^5c4oc^xr. »*3Bi3Epe>»^8oawi0» 
[ o 2 4 3 ] ttc. mm i o <Dwmz> n^mQtm 

[0 244]*/c 1 1 omttZ. »*S9Ett 

[0 24 5 ] W«3I12©»gB«, IE 
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[ 0 2 4 6 J Sfc, gjpftg 1 3 <D§m\*s 1 1 IB 

[024 7 ]^/c, »«a 1 4<D^W«. IS^ 1 1 X 

n^n^L^tt*orc^4ooia««^«ri3aittx 10 

[ 0 2 4 8 ] »3»B 1 5©^[i, »*B9^6 
ffi««H«: SMK^ttg^rr < £ & 2 ocD«Ife5 
WDWHtftK: J: tl i9a«tt®Xfi*WS C <t#T# 

[0249] IM»I16CE)ffRtt. WRSI5K 20 

[0 2 5 0 ]$/c, 1 7 M^35 1 5 IB 

momm^x. mmmm&is mm 
ri>£/c&. nja««cMB^ttocj;*K x^i^v 

[0 2 5 1 ]$t 1 8 »3jSB 1 5IB 

[0 25 2 ] M«3g 1 9©«W«, ffr&S 1 8E«(®% 

i?IBI»ite^^<i: |5l~Wt4^ £ 40 

&««*«itri>&fc«>, »*3S i 8 tmmowmicm 

[ o 2 5 3 j ttc imm2 o omwte. 1 8 §e 
«©«w«c*5c>r. anewmawtti/ * mm 

mc&mmstix^zmwtisxy ?mimmc£K> 
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[ 0 2 5 4 ] 1 «5jt59^6 

g|*«i 4©c»-rn^E«©l6MK:tec>r, iftflBBja 

[0 2 5 5 ] *fc % W«3B2 2<Ol6W«, »*«9*>6 

M3R92 i©c»r*i*KE«©»w«:*«r»r, #fta*ja 
vhtix^ztat). ^mmmt^m^\yj>t>h(ofmm 

[0 2 5 6 ] AWES 2 3<0»Wtt, »*«2 213 

cc»w e>n^j»aassi^opMi4 <t > 8uib^j»«« tB9E 

0 «J»x 1/ ^ > h CD^&CD^IpJ £ & t £ #T t & 0 
[0 25 7 ] £/c, tt«3|2 4 0»n», »5S359^6 

«3R«2 3(Dc»rn^ccEtt©«wc*j^r, MiBpja 

^CJ: 9 ^J»H««rjBffiSEffc 5 & h C t &X H 6 0 
[0 2 5 8 ] tft. «3jtB2 5©«9Jra, «3J0S9^6 

f»*^2 4O0i-r^k:Et8©*W«:*JC»r, MlBoja 
inaiMMiwt^srK^ahT^a^ jjbe 

IS*3I2 5 0^-rti^(CEtt(D»WCC*5^r, fl^lBoTS!) 
xuy>Kc«B£iaJ^dESnrt^A:«), DfUjxb-y 

[0 2 6 0 ] ttc, l»«3I2 7<oa9i«, 11^9^6 
IS*^2 6©t^^(CEtS©»Wtc*5t>T, milBpJa 
i S9E oJttx U ^ > h ©ae8B» */c«fBB^ia» 

«iE*^^o^«»©iattcc wj£**ttfD"r 

[o 2 6 1 ] ttc. m?m2 svmm* mxmz 7E 
i^^«ttrE%ffisos«^«^a7E^aws 
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[0 26 2 ] $/c, W*«2 9©*W«, «3»S2 7CC 

<t o ffSBttttn u r r *« t *r * c i ge 

[0 26 3] *fe, »«3B3 0<O»M». »*I9*»€) 

[0264] J/c, 11*13 1 <D»W«\ »*«3 013 

[0 26 5] ^/c «*3B3 2<DftW«, IS*Jfi3 0lfi 

[02 6 6] »*53 3©»MW, »*B3 0E 
*S©fffll|K:*5l>T, ByfB^{*^^tfT^:*X~£ 30 

[0 26 7 ] ttc, S»*S3 4 0#6W«, »3j853 3iB 

fjcDSWccfc^r, gJiBx^-iJ-jfte^y -f s K*»e>fc 

K<fc9»iRl,-C, pJJi^IilSCCflDb^x hUX^Wx^C 40 

[026 8] »3»I3 5<D2H0tt. »l2j8H9*>6 
«3R3S2 9 Ol^n^CCiBUS<0^««v-< ^DT^fa 

-eo^tts-r -saaccfjfBPittis * tmtmmftmmm& 

£ C £ CdJH*.T\ 9 ^ 6«3RJS 2 9 <o»w 4 

[0 26 9]$/c, »*3B3 6©*WW, «3#I3 5iB 50 
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